Hypercholesterolemia is a major risk factor for coronary heart disease, and data indicate that aggressive cholesterol reduction decreases mortality and morbidity associated with this disease. Many patients with hypercholesterolemia, however, are not screened, prescribed appropriate lipid-lowering therapy, or treated to target cholesterol levels. Practice patterns are particularly inadequate for those patients at highest risk for having a cardiac event. We performed a literature search to identify studies of practice patterns in the management of patients with hypercholesterolemia with regard to screening, implementing lipid-lowering therapy, and treating to lipid goals. The findings highlight the potential for substantial opportunities to improve patient outcomes. Future studies should evaluate reasons for suboptimal cholesterol management as well as provide steps to improve management.
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Coronary heart disease (CHD) is the most common cardiovascular disease, which is the leading cause of mortality in western countries. 1 Hypercholesterolemia is a strong, independent, and modifiable risk factor for CHD. 2, 3 Although numerous randomized, controlled trials conclusively established the efficacy of aggressive cholesterol reduction in decreasing mortality and morbidity associated with CHD, [4] [5] [6] [7] [8] there is increasing recognition that the real-world management of hypercholesterolemia (i.e., application of this evidence) is suboptimal. Cholesterol risk management is a continuum that includes screening and diagnosing patients with hypercholesterolemia, initiating appropriate lipid-lowering interventions, and implementing follow-up to ensure that patients are adherent to therapy, are achieving target lipid goals, and are not experiencing adverse effects. Evidence points to treatment gaps in each step of these processes, especially with regard to those patients at greatest risk for cardiac events. 9 We reviewed the literature that evaluated practice patterns in the management of hypercholesterolemia to define the scope of the problem and suggest improvements.
Methods
Articles published in English from January 1966-July 2000 were identified through MEDLINE and EMBASE by using the following combinations of keywords and medical subject headings: coronary artery disease, hypercholesterolemia, low-density lipoprotein, cholesterol management, and practice patterns. The reference lists of published articles were reviewed for additional pertinent papers. All relevant articles assessing practice patterns (either physician or other health care professional) were reviewed. Articles that did not provide quantitative data on cholesterol management practice patterns in the areas of screening, implementation of lipid-lowering therapy, or treatment to target lipid levels were excluded. Studies involving pediatric populations or with data available only in abstract form also were excluded.
Due to the number of articles and the wide ranges of results in variable sample sizes, the utilization rates of therapies and the proportion of patients achieving target lipid levels are reported as weighted averages.
Results

Screening
The first indication of the presence of CHD is sudden cardiac death in 50% of men and 63% of women. This statistic illustrates the importance of early detection and treatment of hypercholesterolemia. [34] [35] [36] An estimated 36-50% of the general population have hypercholesterolemia warranting treatment with, at a minimum, dietary modifications. 1, 37 Therefore, screening the population is a crucial first step in the early detection and subsequent management of hypercholesterolemia to prevent the onset and progression of CHD.
Reports from the National Cholesterol Education Panel (NCEP) recommend that all adults aged 20 years or older have their total cholesterol and high-density lipoprotein (HDL) assessed at least once every 5 years. 34, 35 Depending on initial screening results and an individual' s risk factors, a full lipoprotein analysis may be required. Despite wide dissemination of the NCEP guidelines, population-based data indicate that only approximately 8% of the population is screened annually, much lower than the 20% expected if the guidelines were followed. 10 Since the publication of the NCEP II guidelines, controversy has arisen regarding the rationale and cost-effectiveness of mass cholesterol screening of adults in the general population. 38, 39 Proponents suggest that mass screening of all adults over 20 years of age is necessary due to evidence that atherosclerosis commences early in childhood. 38 Screening provides patients with a complete cardiac assessment, identifies individuals who would benefit from lipid-lowering interventions, and promotes public awareness of the role of cholesterol in cardiac risk. 38 On the other hand, others recommend selectively screening those individuals most likely to benefit from lipidlowering interventions if they are found to be hypercholesterolemic. 39 This practice would be consistent with Canadian, European, and British clinical practice recommendations. [40] [41] [42] Furthermore, recommendations published since NCEP II suggest limiting screening to men and women over the ages of 35-40 years and 45-50 years, respectively; any individual with more than two risk factors; and persons with a family history of familial hypercholesterolemia. 40, 43 All recommendations state that any patient with documented CHD should undergo an aggressive screening strategy (i.e., yearly testing), given the great benefit of early detection and management of hypercholesterolemia in patients with established CHD. 34, 35, [40] [41] [42] [43] Data from numerous retrospective audits of medical records from both inpatients and outpatients with CHD indicate that only 64% (range 28-96%) of these high-risk individuals had cholesterol measurements documented (Table 1) . [11] [12] [13] [14] [15] [16] [17] [18] [19] Based on these data, approximately 36% (and as many as 72%) of patients with CHD are not screened for hypercholesterolemia. Two studies did report exceptionally high proportions of patients being screened: 93% 19 and 96%, 16 respectively; however, one used protocols and care maps to guide lipid management, 19 and the other included only those physicians who agreed to participate. 16 Although all of these studies relied on retrospective chart documentation of cholesterol levels as indicators for screening, they nevertheless highlight the possibility of significant missed opportunities for intervention and improvement in patient outcomes.
Although it is evident that the implementation of screening strategies for hypercholesterolemia is suboptimal, the proportion of patients screened seems to have increased over time. 11 Furthermore, screening practices appear to increase as patients move from primary to secondary prevention. 13, 14 Still, improvements are needed to increase screening, at least for patients at the greatest risk for CHD events. This measure is a crucial first step in the identification and subsequent management of those with hypercholesterolemia.
Implementation of Therapy
Given the suboptimal rate of screening for cholesterol risk, it is perhaps not surprising that many investigators suspect that patients are undertreated for hypercholesterolemia. [11] [12] [13] [14] [15] [16] [17] [18] [20] [21] [22] [23] [24] [25] [26] [27] A 1993 study involving a database of 154,735 adults estimated that 72% of those eligible for lipid-lowering therapy with diet or drugs failed to receive either form of treatment. 23 Although this study was completed before the publication of the NCEP II guidelines and the pivotal statin trials, the rate is consistent with a 1998 survey of 7423 adults, which found that 71% of treatmenteligible patients in the general population received no therapy. 25 Studies that evaluated the implementation of treatment interventions are described in Table 2 .
Nonpharmacologic Therapy: General Population
Published guidelines suggest that nonpharmacologic therapy, including diet, exercise, and smoking cessation, be initiated in all patients requiring treatment for hypercholesterolemia, with the addition of lipid-lowering drugs in select groups of patients. 35, [40] [41] [42] Despite these recommendations, data indicate wide variation in the implementation of such therapy.
Data from several studies show that 34% (range 11-79%) of patients receive counseling for nonpharmacologic interventions. 10-14, 16, 20-23, 25 The largest of these studies found that of 85 million physician visits by patients with documented hypercholesterolemia, only 34% of patients received nonpharmacologic counseling for hypercholesterolemia, defined as any counseling (including dietary) related to cholesterol. 10 This may be an underestimate as nonphysician and community services were excluded from the analysis or counseling may not have been documented. 10 The most optimistic estimate of patients started on dietary therapy was 79%. 23 The study yielding this estimate was the only prospective assessment of cholesterol management practices (telephone interviews of 154,735 adults in the United States) that we found. It is likely an overestimate because the study addressed only a minority (10.3%) of highly selected patients (i.e., those who were aware of having hypercholesterolemia). 23 
Nonpharmacologic Therapy: Patients with CHD
Studies that specifically evaluated the use of nonpharmacologic therapy in patients with documented CHD reveal that only 32% (range 11-55%) of patients receive counseling on the therapy. 11-14, 16, 20, 22, 25 One would expect this estimate to be much higher, given the wellestablished benefits of cholesterol reduction in these high-risk patients. Based on a survey of 7423 patients, the fraction of U.S. adults with CHD eligible for and receiving dietary therapy is only 29%. This percentage is identical to that estimated in the general population. 25 A related study, a retrospective chart audit of 3304 inpatients with cardiovascular disease, found that only 5% of the patients had documentation of recommendations for lifestyle adjustments and only 22% had recommendations for dietary therapy. 13 Interpretation of data on nonpharmacologic therapy is difficult, as these interventions are continuous variables (e.g., patients may only partially modify their diet) rather than simple dichotomous outcomes, and various degrees of success in implementation are possible. Furthermore, counseling and nonpharmacologic therapies may be used more frequently than reported, given that these recommendations may be poorly documented in patients' medical 810 Retrospective chart audit of 348 outpatients followed in a 14% of eligible patients received drug therapy. primary care health maintenance organization 27 CHD = coronary artery disease; LDL = low-density lipoprotein; NHANES III = third National Health and Nutrition Examination Survey. 
records.
It is important to note that investigators have found dietary therapy alone may be ineffective at reducing cholesterol levels. 44, 45 In fact, some suggest that the step I and II diets recommended by the NCEP II guidelines may not be aggressive enough at reducing cholesterol levels, 46 
Lipid-lowering Agents: General Population
A large proportion of the population requires lipid-lowering agents to achieve optimal cholesterol levels. General population surveys evaluating the use of these drugs indicate that only 23% of patients receive drug therapy for hypercholesterolemia. 10, 23, 25 Furthermore, these surveys suggest that 65-77% of the general population receive no therapy (drug or nondrug) at all for hypercholesterolemia. 10, 23, 25 A national survey of randomly selected, officebased physician visits reported the highest rate of prescriptions for lipid-lowering agents at 23%. 10 This report may overestimate the actual administration because individuals were captured on a per-visit basis rather than a per-patient basis and because patients prescribed drug therapy are more likely to require follow-up with their physician. 10 Another study reported the use of lipid-lowering agents to be 19% among a select group of patients who were aware of their elevated cholesterol (only 10.3% of the total population surveyed). 23 Consistent with data on population screening, the studies suggest that only a minority of patients eligible for lipidlowering pharmacologic therapy actually receive it.
A limitation of these data is that they do not account for the degree or duration of cholesterol elevation or the appropriateness of lipid-lowering drug therapy. It is conceivable that some patients surveyed had cholesterol levels for which drug therapy was not indicated and that many may have received nonpharmacologic therapy, such as dietary counseling.
Lipid-lowering Agents: Patients with CHD
The absolute benefits of lipid-lowering agents are greatest among those patients with established CHD. [4] [5] [6] Drug therapy is recommended immediately, in conjunction with diet and nonpharmacologic therapy, in high-risk patients with lipid levels above target. 35, 30, 41 Published data from 12 studies involving 68,446 patients with established CHD indicate that only 35% (range 6-62%) received therapy with a lipid-lowering agent. 12-18, 20, 22, 24-26 Again, this literature must be interpreted cautiously, given that the majority of studies did not present the cholesterol levels of the patients; therefore, not all patients may have required drug therapy. A study of 2763 high-risk patients did identify lipid levels and reported that only 39% of patients with low-density lipoprotein (LDL) levels greater than 130 mg/dl (3.4 mmol/L; a level at which drug therapy should be initiated according to guidelines 35, 40, 42 ) were prescribed drug therapy. 24 Whereas most of reported studies retrospectively documented the administration of hypolipidemic agents at single time points, it is possible that prescriptions for these drugs may increase over time as physicians become more familiar with clinical trial data and practice guidelines. Two studies evaluated the prescription of lipidlowering therapy over time. 22, 26 The first reported that of 95 patients hospitalized for cardiac catheterization, 25.9% with known hypercholesterolemia were treated with drugs before the procedure. 22 This figure increased to 32.8% between 1 and 2 years after the procedure. The second study examined trends in cholesterol management over more than 9 years among 1710 patients hospitalized with recurrent acute myocardial infarction. 26 Significantly more patients received lipid-lowering drugs in 1995 compared with 1986 (0.8% vs 11.7%, p<0.001). 26 Still, in 1995, 36% of patients had elevated cholesterol levels and thus many patients remained untreated. 26 These studies provide encouragement that practice patterns may improve, but it is important to remember that approximately one-third of high-risk patients are untreated with lipid-lowering agents.
Treatment to Cholesterol Targets
Even when hypercholesterolemia is identified and treatment is instituted, many patients are not treated to target cholesterol levels ( Table 3 ). The British, NCEP II, and Canadian guidelines all recommend target LDL cholesterol concentrations in accordance with an individual's cardiac risk stratification; the greater the risk for cardiovascular events, the lower the LDL target. 35, 40, 41 For example, British guidelines recommend LDL targets of 160 and 130 mg/dl (4.1 and 3.4 mmol/L) or less in patients without and with CHD, respectively. 41 Guidelines from NCEP II identify LDL targets of 160, 130, and 100 mg/dl (4.1, 3.4, and 2.6 mmol/L) or lower for patients with less than two risk factors, more than two risk factors, and established CHD or diabetes, respectively. 35 Although the recently published Canadian guidelines are similar, targets of less than 97 mg/dl (2.5 mmol/L) for patients with CHD or diabetes are recommended. 40 An estimated 83% (range 38-100%) of patients with fewer than two cardiac risk factors, compared with 39% (range 30-52%) of patients with more than two risk factors, reach their cholesterol targets. 25, 28, 30, 33 Among patients at high risk for cardiovascular events, only 21% (range 9-39%) achieve their cholesterol targets. 16, 18, 30, 33 A large study of 48,586 patients with CHD (39% of whom were taking lipid-lowering agents) reported that only 25% achieved a target LDL of less than 100 mg/dl (2.6 mmol/L). 18 This study may have overestimated the population reaching target because it included physicians who were frequent prescribers of 3-hydroxymethylglutaryl coenzyme A (HMG-CoA) reductase inhibitors. These studies should be interpreted cautiously because they did not specify whether patients were receiving lipidlowering therapy at time of assessment, which is important given the treatment gaps in screening and implementation of therapy. Paradoxically, the proportion of patients achieving target appears inversely associated with patients' risk for cardiovascular events.
Only a few studies specifically evaluated the proportion of patients who achieved target while receiving lipid-lowering therapy. Surprisingly, the proportion remained unchanged at 21% (range 18-35%). 29, 30, 33 The largest and most recently published study enrolled 4888 patients with CHD. 33 It reported that only 18% of patients achieved their LDL targets, despite receiving lipid-lowering agents for the previous 3 months. 33 31 Retrospective chart audit of 622 patients admitted to 15% of patients achieved target. hospital with myocardial infarction and established hyperlipidemia (target LDL < 100 mg/dl [2.6 mmol/L]) 32 Retrospective cohort of 4888 outpatients with or without Overall, 38% achieved target; with CHD: 18%; no CHD and on the same treatment program for 3 mos. 33 , a CHD and > two risk factors: 37%; no CHD and < two risk factors: 38%. CHD = coronary heart disease; LDL = low-density lipoprotein; NHANES III = third National Health and Nutrition Examination Survey. a LDL target defined as < 100 mg/dl (2.6 mmol/L) with CHD, < 130 mg/dl (3.4 mmol/L) with > two risk factors, and < 160 mg/dl (4.1 mmol/L) with less than two risk factors. Figure 1 illustrates cholesterol management practices for a hypothetical cohort of patients at high risk for CHD events. Based on weighted averages calculated from available data, only 64% of patients will be screened for dyslipidemias. From a sample of 100 high-risk patients and based on the published literature, 24 only 39% requiring lipid-lowering therapy would receive it. Applying this figure to the hypothetical cohort, only 39 patients (39%) would be started on lipidlowering therapy, and only 8 (21%) of these patients would receive the necessary follow-up and titration to achieve their cholesterol goal.
Application of Results
Reasons for Suboptimal Management of Cholesterol
Although ample evidence suggests that patients are not adequately managed for hypercholesterolemia, few studies explore the reasons. Insights into the mechanisms of undertreatment of elevated cholesterol would help in the development of interventions to improve patient care. One study found that patients were more likely to receive therapy if they had an LDL measurement documented; history of acute myocardial infarction, coronary artery bypass grafting, or hypertension; or were followed by cardiologists. 18 Other studies have shown that younger patients 13, 26 and men are more likely to receive lipid-lowering agents, 13 as are those patients with a history of revascularization. 13, 24 Factors significantly associated with the achievement of targets include a lower baseline LDL cholesterol, administration of combination drug therapy, and patient adherence to treatment. 29, 31 The lower proportion of high-risk patients reaching their target LDL levels simply may indicate that cholesterol management is more difficult in these patients, given that the target is much lower. Alternatively, such patients may be poorly adherent with their drugs or simply undertreated. Many patients are either lost to follow-up in the community setting or do not have their lipid-lowering therapy assessed routinely. Overall, factors contributing to the suboptimal achievement of targets can be broadly classified into three categories: patient related, physician related, and health care system related ( Table 4) .
Patient-related Factors
Patient-related factors include drug adherence, side effects or intolerance to prescribed therapies, and drug costs. Approximately 50-79% of patients discontinue their lipid-lowering drugs within 12 months of initiation. 29, [47] [48] [49] Generally, adherence is poorer in patients treated with therapies other than HMG-CoA reductase inhibitors, such as bile acid sequestrants or niacin, likely due to adverse effects. 48, 49 A few studies evaluated the influence of adherence or drug side effects on the achievement of lipid goals. 30 One such study found that 31% of patients were nonadherent; 72% of those patients failed to achieve their target cholesterol levels. 30 Other than drug side effects, the reasons for poor adherence with cholesterol-lowering agents are largely unknown. It may be secondary to a lack of patient knowledge about the importance of cholesterol reduction or the requirement for lifelong therapy. In addition, the cost associated with lipid-lowering drugs may negatively affect adherence rates, although the clinical significance of this factor is unknown. 49, 50 Numerous studies show that patients are often unaware of having hypercholesterolemia. 21, [51] [52] [53] One study assessed 15,800 patients in the general population (aged 45-64 yrs) with regard to awareness of the presence of hypercholesterolemia (total cholesterol > 240 mg/dl [6.2 mmol/L]) during 1987-1989. 51 It found that 42% of patients were aware of their condition. 51 A related study reported that 53% of patients with elevated total cholesterol, defined as greater than 220, 240, and 259 mg/dl (5.7, 6.2, and 6.7 mmol/L) for patients aged 22-29, 30-39, and 40 years and over, respectively, had no prior knowledge of these elevations. 20 A third study reported that public awareness of elevated cholesterol levels increased over time, although more than 80% of those surveyed were still unaware of their own condition. 53 Patients also may simply fall through the cracks and be lost to monitoring and follow-up. Clearly, initiatives are needed to improve public awareness of the need for cholesterol monitoring.
Physician-related Factors
Numerous physician-related factors may affect the management of patients with hypercholesterolemia. Reliance on laboratory reports to confirm the presence or absence of hypercholesterolemia may cause some patients with abnormal lipid levels to be missed. For instance, a study reported that physicians were more likely to recognize hypercholesterolemia if it were marked as abnormal on the laboratory report. 21 Many laboratory reports indicate a range of normal cholesterol values without taking into account the level of risk for individual patients.
Lack of knowledge about guidelines and the clinical trials reporting the efficacy of lipidlowering drugs may contribute to suboptimal cholesterol management. A 1998 study reported that only 54% of physicians would prescribe lipid-lowering agents to a patient with documented CHD and an LDL greater than 130 mg/dl (3.36 mmol/L), despite evidence and guideline recommendations to initiate therapy in these patients. 16 A study published in 1988 reported that only 48% of physicians stated that lowering blood cholesterol reduces coronary disease risk "often" or "always,"
11 but the study was conducted before publication of the major lipid-lowering trials.
Physicians may overestimate the adequacy of treatment in their patients with hypercholesterolemia. They reported performing lipid panels in 86% of their patients, yet on chart audit, lipid panels were available for only 67% of patients. 16 Another study reported a prevalence of hypercholesterolemia of 24% in family practice patients, yet the condition was documented in only 13% of cases. 21 Although the reasons for physician nonadherence with guidelines are largely unknown, one report cited physician time constraints, lack of skills for behavioral modifications, patient inattentiveness, and the urgency of the patients' concomitant medical problems as potential factors. 11, 53 Health Care System Factors Traditionally, health care systems were driven by illness, not prevention. A survey of family physicians identified the following two assertions as barriers to the provision of preventive services: "patient is well and does not present" and Although few trials have evaluated the impact of health care system factors on patients' achievement of target cholesterol measurement, some evidence suggests that lack of appropriate monitoring and follow-up may contribute to poor response rates. One study found that 88% of patients treated with lipid-lowering therapy and who had not reached their target had been on the same dose of statin for at least 1 year. 30 Another study found that 65% of patients not achieving their target goals were taking the starting (low) dosage of their lipid-lowering drug. 18 These data suggest that more aggressive dosage titrations, the use of combination therapy, and aggressive follow-up may be needed to help patients achieve target measurements.
Limitations of Data
Most studies in this review were conducted in North America, making it difficult to generalize to other settings. There is a potential for publication bias in which only reports of poor cholesterol management practices are published. Given that data from the population-based studies, which provide estimates for millions of people, are remarkably consistent with most smaller studies, it is likely that the data presented here are representative of general practice patterns. Most of the studies were retrospectively conducted and are limited in their ability to capture undocumented interventions (i.e., screening and treatment initiation). At least two of the studies required physicians to consent to being involved; this may have introduced a volunteer bias because those who agreed to participate may have had a greater interest in hypercholesterolemia than other physicians. 14, 16 These studies, however, involved small numbers of the total patients in this review and did not greatly affect the calculated weighted average. Most published papers evaluated events at a single point in time rather than accounting for temporal changes over time. Practice patterns likely have improved since publication of the major clinical trials and guidelines, but few published studies have evaluated temporal changes to practice patterns. Many studies evaluating the proportion of patients reaching target did not define the LDL goal. In addition, cholesterol targets were set by consensus guidelines, even though there is little randomized, controlled trial evidence for screening recommendations or specific numeric goals. Still, randomized trial evidence does suggest that patient outcomes are improved at lower cholesterol levels, a finding that is consistent with considerable epidemiologic evidence.
5
Future Directions
Emphasis must be placed on screening, documenting results, initiating therapy, and following patients to improve the proportion of patients achieving target lipid goals. Recognition of the gap between evidence and practice in cholesterol risk management is increasing; this awareness is an important first step. Innovative approaches to the management of patients with or at risk for CHD are required to improve the application of appropriate lipid-lowering interventions to eligible patients. Multidisciplinary team involvement at the level of the community may improve the proportion of patients screened, started on appropriate therapy, and followed to target lipid goals. For example, dieticians can provide appropriate dietary counseling and community pharmacists can identify patients who would benefit from pharmacologic therapy and work with patients and family physicians to optimize the proportion of patients achieving target lipid goals. 55 Use of advanced measurement technology, such as point-of-care technology involving fingerstick blood samples, may assist in the identification, monitoring, and follow-up of patients. 55 Furthermore, reminder systems for both patients and physicians may help ensure that repeat lipid panels and appropriate monitoring and follow-up are conducted. Further studies should investigate the reasons why patients are not reaching targets and evaluate ways to optimize therapy. In light of the enormous public health importance of CHD and the availability of safe and efficacious therapies, our next step must be to improve the process of cholesterol risk management.
